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INTRODUCTION

Ankylosing spondylitis (AS) is a chronic inflammatory 
disease that primarily affects the axial skeleton. Hip in-
volvement is common in AS patients and the reported 
prevalence of clinical hip involvement in AS is from 
24% to 36% and prevalence of radiographic hip arthritis 
ranges from 9% to 22% [1-3]. Unlike new bone forma-
tion in axial spine, synovial inflammation within the 

hip joint causes bone erosion and joint space narrowing. 
The histological appearance of the synovial membrane 
in AS is characterized by synovial lining cell hyperplasia 
and lymphoid cell aggregates, similar to those observed 
in rheumatoid arthritis (RA) [4]. Progressive flexion de-
formity and destruction of hip joint might also be ob-
served. Eventually, hip involvement causes functional 
impairment and disability in patients with AS [5]. Pre-
vious studies have reported that early onset of disease 
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Background/Aims: To evaluate the clinical course of hip arthritis and the risk 
factors for hip joint replacement in patients with ankylosing spondylitis (AS). 
Methods: In this retrospective analysis, we evaluated 488 AS patients at a single 
tertiary hospital. At baseline and the most recent visit to the outpatient clinic 
from the patients with hip arthritis in AS, radiographic hip arthritis was evalu-
ated using the Bath Ankylosing Spondylitis Radiology Hip Index (BASRI-h). Also 
the average of the hip joint space width (interbone distance) at three distinct sites 
between the acetabulum and femoral head was recorded.
Results: Among 488 patients with AS, 60 patients (12.3%) had hip arthritis. Eryth-
rocyte sedimentation rate were associated with hip involvement (odds ratio, 1.01; 
95% confidence interval [CI], 1.00 to 1.02; p = 0.004). Long disease duration and 
advanced axial disease were associated with severe hip arthritis (3 ≥ BASRI-h) 
at baseline. BASRI-h and interbone distance did not significantly change in pa-
tients with hip involvement during the follow-up period of 81.4 ± 35.7 months. 
Five patients had hip joint replacement surgery during follow-up period. The 
body mass index (BMI) and BASRI-h at baseline were associated with joint re-
placement surgery (hazard ratio [HR], 1.30; 95% CI, 1.00 to 1.67; p = 0.049 and HR, 
20.64; 95% CI, 2.39 to 178.11; p = 0.006, respectively). 
Conclusions: Most of the patients with hip arthritis in AS showed no significant 
radiographic progression during the follow-up period. High BMI and advanced 
hip arthritis at baseline were associated with hip joint replacement surgery in 
patients with AS.
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and axial disease are associated with hip joint involve-
ment and hip replacement surgery in AS [1,3]. It has been 
reported that 5% of AS patients need hip replacement 
surgery [1]. In a recent study, the total joint replacement 
surgery rate in patients with RA decreased 40% with the 
widespread use of anti-tumor necrosis factor (anti-TNF) 
agents, whereas the total joint replacement surgery rate 
in spondyloarthritis increased 40% [6]. Despite the worse 
functional outcome in patients with hip involvement, 
there are few studies concerning hip arthritis compared 
with the axial disease in AS. The aim of the present study 
was to investigate the clinical course of hip arthritis and 
the risk factors for hip joint replacement in AS.

METHODS

Study population
The subjects were selected from a pool of patients who 
first visited the rheumatology outpatient clinic of Sam-
sung Medical Center in Seoul, South Korea between 
January 2001 and January 2011 in a consecutive manner. 
We selected patients diagnosed with AS based on fulfill-
ment of the modified New York criteria [7]. We exclud-
ed the patients who underwent total hip replacement 
surgery for both hips before the initial visit at the out-
patient clinic. Patients who had unilateral hip replace-
ment surgery were included. Clinical characteristics 
and laboratory data were collected retrospectively. Pe-
ripheral arthritis included the knee, ankle, foot, elbow, 
wrist and hand joints. Disease duration was defined as 
the time from the symptom onset to the first visit to the 
outpatient clinic. The follow-up duration was defined 
as time from the initial visit to the last visit at the clinic. 
X-ray follow-up duration was the time from the baseline 
X-ray to the most recent image taken. Hip involvement 
at baseline was defined according to the clinical opinion 
of the rheumatologist, such as pain and limited range 
of motion and radiological evidence of hip arthritis, de-
fined by at least the score of 1 in the Bath Ankylosing 
Spondylitis Radiology Hip Index (BASRI-h) scoring sys-
tem [8]. This study was approved through the Institu-
tional Review Board of Samsung Medical Center.

Radiographs and scoring
Paired recent radiographs and baseline pelvis X-ray were 

analyzed in 60 patients with hip arthritis. Two trained 
rheumatologists (HJ and IYK) scored the radiographic 
hip arthritis using the BASRI-h scoring system (grade 0 
to 4). We also used published methods to measure the 
average interbone distance between the acetabulum and 
femoral head of both hips at three distinct sites: (1) at 2 
mm inner of the external end of the acetabulum; (2) at 
the vertical line through the femoral head center; and (3) 
at the head-neck center line [9]. Among 60 patients with 
hip arthritis, five patients had unilateral hip involve-
ment. The BASRI-h grade and interbone distance were 
calculated by the mean of the right and left hips except 
for the five patients who had unilateral hip replacement 
surgery before the initial visit. In these five patients who 
underwent unilateral hip replacement surgery before 
the initial visit, the artificial joint was not included and 
only one side of the joint was used for analysis. In addi-
tion, when patients underwent hip replacement surgery 
during the follow-up period, BASRI-h grade became 4 
and interbone distance became 0 and mean value of the 
both hip joints were used for the analysis.

Severe radiographic hip involvement was defined as 
3 ≥ BASRI-h grades at baseline. A change in the BAS-
RI-h and interbone distance between the baseline and 
the most recent image was divided by time intervals be-
tween the time of baseline and the most recent image 
was taken. The changes were calculated after subtracting 
the value of the baseline image from the value of the re-
cent images. Therefore, in case of radiographic progres-
sion, ∆BASRI-h value becomes positive and ∆mean of 
interbone distance value becomes negative. The sacroi-
liitis grade was defined as the sum of both the right and 
left sacroiliitis grades according to the modified New 
York criteria [7]. The presence of syndesmophytes at 
baseline was also assessed. The mean value of two read-
ers was used for analysis. The intra-class correlation co-
efficient of the BASRI-h grade of two readers was 0.927 
(95% confidence interval [CI], 0.91 to 0.94; p < 0.001), and 
the interbone distance value was 0.973 (95% CI, 0.97 to 
0.98; p < 0.001). 

Statistical analysis
Descriptive statistics were used to identify the character-
istics of the study population. Categorical variables were 
compared between groups using the chi-square test or 
Fisher exact test. For continuous variables, the data were 
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presented as the mean ± SD, and variables were com�-
pared using t tests. Univariable logistic regression analy-
ses were performed to identify the predictors associated 
with hip involvement. Cox proportional hazards models 
were used to estimate the hazards ratio (HRs) with 95% 
CI of hip replacement surgery in patients with hip in-
volvement. Schoenfeld residuals were examined for the 
covariates, and significant departures from the propor-
tional hazards assumption were not detected. Variables 
associated with p value outcomes ≤ 0.10 were included 
in the multivariable analysis. Because the follow-up du-
ration was different between patients, generalized esti-
mating equation analysis was performed to assess the 
changes in the BASRI-h, interbone distance, erythrocyte 
sedimentation rate (ESR), C-reactive protein (CRP) lev-
el, and body mass index (BMI) over the follow-up pe-
riod. We used an exchangeable correlation structure as 
a working correlation in repeated-measurement design. 
SAS version 9.4 (SAS Institute, Cary NC, USA) and SPSS 
version 19.0 (IBM Co., Armonk, NY, USA) were used for 
analysis. Statistical significance was considered for p < 
0.05. 

RESULTS

In total, 488 patients with AS were included in the anal-
ysis. The baseline characteristics of patients are shown 
in Table 1. Among the 488 patients, 60 patients (12.3%) 
had hip involvement. In univariable analysis, ESR was 
associated with hip involvement in AS (odds ratio [OR], 
1.01; 95% CI, 1.00 to 1.02; p = 0.004) (Table 2). The age at 
disease onset, sex, disease duration, and smoking status 
were not significantly associated with hip involvement. 
All the patients used nonsteroidal anti-inflammatory 
drugs at the initial treatment. Follow-up duration after 
the initial visit was longer in patients with hip arthri-
tis than patients without (97.4 ± 38.4 months vs. 67.5 ± 
55.3 months, p < 0.001). During the follow-up period, 
patients with hip arthritis used more anti-TNF agents 
than patients without hip arthritis (48.3% vs. 23.4%, p < 
0.001).

Among the 60 AS patients with hip arthritis, the mean 
BASRI-h grade was 2.0 ± 0.7, and the mean interbone 
distance was 2.9 ± 1.0 mm at baseline. Of the 60 patients, 
10 patients (16.7%) had BASRI-h grade 3 or 4 and were 

classified as with severe hip arthritis and other 50 pa-
tients (83.3%) with BASRI-h grade 1 or 2 were classified 
as not having severe hip arthritis. Patients with severe 
hip arthritis had longer disease duration (142.8 ± 93.8 
months vs. 55.2 ± 64.9 months, p = 0.001) and had more 
advanced axial disease (sum of each side sacroiliitis 
grade was 6.8 ± 1.7 vs. 5.5 ± 1.4, p = 0.014; and presence of 
syndesmophyte was 70% vs. 20%, p = 0.003) than patients 
with no severe hip arthritis. 

In the 60 patients with hip arthritis, the mean of X-ray 
follow-up duration was 81.4 ± 35.7 months, with a medi-
an value of 78 months (range, 23 to 198). We observed no 
significant radiographic changes for the hip joint during 
the follow-up period. The value of both the BASRI-h (p = 
0.138) and interbone distance (p = 0.296) were not signifi-
cantly changed from the baseline to the time of the most 
recent image taken. Among the 60 patients with hip in-
volvement, five patients (8.3%) underwent joint replace-
ment surgery during the follow-up period. Patients with 
hip joint replacement surgery showed advanced hip ar-
thritis and higher BMI at baseline compared with pa-
tients without hip replacement surgery (27.8 ± 3.1 kg/m2 
vs. 23.4 ± 4.2 kg/m2, p = 0.029). And initial BASRI-h grade 

Table 1. Baseline characteristics of patients (n = 488)

Variable Value

Age at disease onset, yr 25.9 ± 9.2

Male sex 408 (83.6)

Hip involvement 60 (12.3)

Disease duration, mon 39 (12–114)

Peripheral arthritis, ever 121 (24.8)

Enthesitis, ever 49 (10.0)

Uveitis, ever 102 (20.9)

Syndesmophytes 127 (26)

Sacroiliitis gradea 4.9 ± 1.7

Body mass index, kg/m2 23.3 ± 3.3

Erythrocyte sediment rate, mm/hr 37.8 ± 28.7

C-reactive protein, mg/dL 1.01 (0.33–2.56)

HLA-B27 positive (n = 365) 337 (92.3)

Current smoker 49 (10.0)

Values are presented as mean ± SD, number (%), or median 
(interquartile range).
HLA, human leukocyte antigen.
aThe sacroiliitis grade refers to the sum of each side of the 
sacroiliitis grade according to the modified New York crite-
ria. 
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was higher in patients with hip joint replacement sur-
gery (2.6 ± 0.4 vs. 1.8 ± 0.7, p = 0.012). During the follow-up 
period, hip joint progression was faster in patients with 
hip replacement surgery than patients without surgery 

(∆BASRI-h/year: 0.16 ± 0.09 vs. 0.02 ± 0.06, p < 0.001; and 
∆interbone distance/year: –0.19 ± 0.04 vs. –0.02 ± 0.07, p < 
0.001). Table 3 shows factors associated with hip replace-
ment surgery among patients with hip arthritis in AS. 
Multivariable analysis revealed that both BMI and ini-
tial BASRI-h were associated with hip joint replacement 
surgery. In addition, among the 422 patients without 
hip arthritis at baseline, no patients showed significant 
radiographic changes or had hip replacement surgery 
during the follow-up period. 

Changes in the interbone distance and acute phase re-
actant in patients with hip arthritis are shown in Fig. 1. 
The interbone distance for five patients with hip surgery 
decreased (p = 0.091) and was not significantly affected 
in 55 other patients. ESR and CRP were significantly de-
creased at the end of follow-up from the baseline, re-
gardless of hip replacement surgery. In addition, ESR 
and CRP were significantly decreased in all 488 patients 
during the follow-up period, regardless of hip joint in-
volvement. BMI was not changed significantly during 
the follow-up period regardless of hip joint involvement 
or hip replacement surgery.

DISCUSSION

In the present study, we attempted to identify the radio-
graphic changes in the hip joint and evaluate the associ-
ated factors of hip arthritis in AS. Our study showed that 
the prevalence of hip involvement was 12.3% and severe 
radiographic hip arthritis were associated with longer 
disease duration and advanced axial disease, which cor-
responds well with previous studies [3,10]. We found 
that higher BMI was associated with hip replacement 
surgery. These results are in agreement with the RESI-
SPONSER cohort, which showed that BMI is higher in 
patients with hip replacement surgery in AS compared 
with those without surgery [1]. Ottaviani et al. [11] report-
ed that high BMI negatively influences the response to 
infliximab in AS. Patients with psoriatic arthritis (PsA) 
have higher mean BMI than the general population [12]. 
Also obese patients with PsA are less likely to achieve 
sustained minimal disease activity compared with pa-
tients of normal weight [13]. An association between obe-
sity and inflammation has been suggested. The levels 
of adipokines, such as leptin, TNF-α and interleukin 6 

Figure 1. Changes in the interbone distance and acute phase 
reactant levels in patients with hip arthritis. (A) The inter-
bone distance at baseline and at the end of the follow-up 
period in patients with and without hip replacement sur-
gery. Changes in (B) erythrocyte sediment rate (ESR) and (C) 
C-reactive protein (CRP) at baseline and the end of the fol-
low-up period in patients with and without hip replacement 
surgery. ap < 0.01.
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positively correlate with BMI, and the concentrations of 
adipokines are increased in patients with metabolic syn-
drome [14]. A recent study revealed that elevated serum 
adipokines are associated with radiographic damage in 
AS [15]. The systemic overload of adipokines has been as-
sociated with chronic inflammation, and this condition 
could be applicable to the involvement of hip arthritis in 
AS. Biomechanical factors could influence radiographic 

progression. Mechanical strain drives entheseal inflam-
mation and new bone formation in spondyloarthritis 
via the Erk 1/2 signaling pathway [16]. It has been report-
ed that obesity is increased in patients with primary to-
tal hip arthroplasty [17]. Thus, the high incidence of hip 
arthritis progression resulting in hip joint replacement 
surgery in obese patients might reflect inflammation 
associated with mechanotransduction and immune re-

Table 3. Factors associated with hip replacement surgery in ankylosing spondylitis patients with hip involvement

Clinical characteristic
Univariable model    Multivariable model

HR (95% CI) p value HR (95% CI) p value
Age at disease onset 1.003 (0.976–1.031) 0.823
Male sex 0.651 (0.072–5.882) 0.702
Peripheral arthritis 1.615 (0.246–10.603) 0.618

Syndesmophyte 1.503 (0.244–9.253) 0.660

Sacroiliitis gradea 1.088 (0.597–1.984) 0.783

Body mass index 1.157 (0.991–1.352) 0.066 1.295 (1.001–1.674) 0.049

Erythrocyte sediment rate 1.019 (0.992–1.047) 0.175

C-reactive protein 0.983 (0.689–1.402) 0.924

BASRI-h (initial) 13.142 (2.050–84.241) 0.007 20.643 (2.392–178.110) 0.006

Interbone distance (initial), mm 0.497 (0.202–1.222) 0.128

Anti-TNF agent use 1.000 (0.005–218.762) 1.000

HR, hazard ratio; CI, confidence interval; BASRI-h, Bath Ankylosing Spondylitis Radiology Hip Index; TNF, tumor necrosis 
factor. 
aThe sacroiliitis grade refers to the sum of each side of the sacroiliitis grade according to the modified New York criteria.

Table 2. Factors associated with hip involvement in patients with ankylosing spondylitis 

Variable OR (95% CI) p value

Age at disease onset, yr 0.981 (0.950–1.013) 0.235

Male sex 0.978 (0.473–2.020) 0.951

Disease duration, mon 0.999 (0.996–1.003) 0.627

Peripheral arthritis 0.732 (0.375–1.428) 0.360

Enthesitis, ever 0.793 (0.302–2.087) 0.639

Uveitis, ever 0.831 (0.415–1.664) 0.602

Syndesmophytes 1.254 (0.693–2.270) 0.454

Sacroiliitis gradea 1.099 (0.943–1.282) 0.225

Body mass index, kg/m2 1.057 (0.975–1.145) 0.181

Erythrocyte sediment rate, mm/hr 1.012 (1.004–1.021) 0.004

C-reactive protein, mg/dL 1.082 (0.987–1.187) 0.093

HLA-B27 positive (n = 365) 3.229 (0.426–24.481) 0.257

Current smoker 1.214 (0.519–2.840) 0.655

OR, odds ratio; CI, confidence interval; HLA, human leukocyte antigen.
aThe sacroiliitis grade refers to the sum of each side of the sacroiliitis grade according to the modified New York criteria.
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sponse factors. 
In the present study, most of the patients showed no 

significant radiographic changes during the follow-up 
period. Among the 60 AS patients with hip arthritis, 
only five patients showed radiographic progression and 
underwent joint replacement surgery and the other 55 
patients showed almost no radiographic changes during 
the follow-up period. Advanced hip joint damage and 
high BMI at baseline were risk factors for the hip joint 
replacement surgery. Patients in our study had visited 
the rheumatology outpatient clinic regularly and re-
ceived standard treatment for AS such as non-steroidal 
anti-inflammatory drugs or anti-TNF agents. Mean ESR 
and CRP decreased significantly over the follow-up pe-
riod, regardless of hip involvement or hip replacement 
surgery. These results suggest that when AS patients 
are treated properly, the possibility of significant ra-
diographic hip changes is low. Under these conditions, 
BMI might influence the radiographic progression of 
the hip joint. In addition, early initiation of treatment 
before radiographic hip changes occur may be helpful 
in preventing hip joint replacement surgery. 

This study has some limitations. We conducted a ret-
rospective study, and clinical parameters such as Bath 
Ankylosing Spondylitis Disease Activity Index, Bath An-
kylosing Spondylitis Functional Index, range of joint 
mobility, or level of daily physical activity were not sys-
temically available. The strength of this study is that we 
provided the evidence that BMI might influence the 
outcome of hip arthritis in patients with AS.

In summary, the present study revealed that most of 
the patients showed no significant radiographic chang-
es during the follow-up period. High BMI and advanced 
radiographic hip arthritis at baseline were associated 
with hip joint replacement surgery in patients with AS. 
Further study is warranted to clarify the role of obesity 
in the pathogenesis and progression of hip arthritis in 
AS. 
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